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To satisfy users, signal design would be based on drivers’ perceived
instead of observed travel time. However, it is an extremely difficult
problem on which no current literature can be found. Researchers
have begun to pay attention to the perception of travel time on ramps
and freeways (1), but no similar studies have been conducted for
signalized intersections.
This paper reports on a study to explore the perceived waiting
time at signalized intersections. Several questions are answered: what
is the relationship between the perceived waiting time and the actual
waiting time; what is the trade-off between the overall waiting time
and the waiting time at each intersection; and what better explains
user preference, perceived or observed waiting time? The answers
given in this study are based on statistically analyzing the results of
an online, virtual experience stated preference (SP) survey of the
perception of waiting for signal control.
The paper is organized as follows. The background of perception
of travel time is presented in the next section, followed by a survey
description. The results are analyzed in the fourth section, and the
ﬁnal section describes conclusions and future research.
BACKGROUND
The variable perception of waiting time has been observed in psy-
chology. Loehlin mentioned that time in idleness, particularly wait-
ing in idleness, is perceived as longer than the real time (2). The
psychological reason is that, after waiting for a certain amount of
time, “anxiety and stress start to build up in an individual, due both to
the sense of waste and the uncertainty involved in a waiting situation”
(3, p. 82). The uncertainty is “anxiety provoking and as such can be
considered as an agent for psychological stress” (4, p. 443). So, the
intensity and duration of exposure to this situation will be “respon-
sible for the psychological stress and its resulting effects of anxiety
and uneasiness on the individual” (3, p. 83). Psychological stress,
or cost, will accumulate during the waiting process. Theoretically,
Osuna found that “stress intensity increases during the waiting
process, and consequently that the psychological cost of waiting
is a marginal increasing function of waiting time” using general
probability theory (3, p. 83).
Economically, travel time has value. Becker’s time allocation
theory postulates that individual satisfaction came from the “ﬁnal
commodities” that use market goods and time as inputs instead of
goods consumed directly (5). This theory introduced a time constraint
in addition to the usual income constraint. According to Becker, time
could be converted into money by assigning less time to consumption
and more time to work. Later, Johnson (6), Oort (7), and Evans (8)
pointed out that time (at the margin) has a single value for all activ-
ities. DeSerpa (9) ﬁrst proposed a utility function to search a set of
Perception of Waiting Time 
at Signalized Intersections
Xinkai Wu, David M. Levinson, and Henry X. Liu
Perceived waiting time at signalized intersections differs from the actual
waiting time and varies with signal design. The onerousness of delay
depends on the conditions under which it is experienced. Using weighted
travel time may contribute to optimal signal control if it can improve on
the assumption that all time is weighted equally by users. This research
explores the perception of waiting time at signalized intersections on the
basis of the results of an online virtual experience stated preference
survey. This survey directly collected the perceived waiting times and
the user ratings of the signal designs of each intersection on an arterial
that included three intersections. Statistically analyzing the survey data
suggests that the perception of waiting time is a function of the actual
time, and a quadratic model describes the relationship. The survey also
indicates that there exists a trade-off between total waiting time and indi-
vidual waiting time at each intersection. Drivers prefer to split the total
waiting time across multiple intersections at the price of a longer total wait
if the difference in the total waiting time of two signal designs is within 
30 s. Survey data show that the perceived waiting time, instead of the actual
waiting time, better explains how users rate the individual signal designs
for intersections and arterials, including multiple intersections.
Traditionally, traffic engineers operate signalized intersections to
satisfy engineering efficiency objectives. Generally, they minimize
the total travel time (delay), subject to maximum wait time con-
straints, a strategy that beneﬁts major streets to the detriment of minor
approaches. This policy may leave a vehicle on a minor street stopped
and waiting for more than 2 to 3 min. As a result of such excessive
waiting time, drivers may come to believe that a signal is malfunction-
ing, leading them to violate signal control. For this reason, many
intersections have a ﬁxed cycle length, but that may not be optimal.
Many optimization methods try to improve users’ satisfaction but
all of them assume that waiting time is equivalent independent of
conditions.
Intuitively, the value of travel time is not a constant. It varies for
each trip and, more generally, differs by trip purpose, trip distance,
mode, and departure time as well as by individual and may be asso-
ciated with characteristics like income, gender, and personality.
Most important, signal control affects the perceived travel time.
Speciﬁcally, people might be unwilling to wait on any one street for
a very long time, even if total waiting time has decreased. In other
words, the perception of waiting time may change with signal design.
Department of Civil Engineering, University of Minnesota, 500 Pillsbury Drive
Southeast, Minneapolis, MN 55455. Corresponding author: X. Wu, wuxxx273@
umn.edu.
Transportation Research Record: Journal of the Transportation Research Board,
No. 2135, Transportation Research Board of the National Academies, Washington,
D.C., 2009, pp. 52–59.
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the level of utility depends on the consumption of all goods and
on the time assigned to all activities (10). Because the reduction in
travel time has a direct effect, an exogenous reduction in travel time
changes the utility (11).
One interesting application is to evaluate the value of time in
transportation. Bruzelius demonstrated that people value a saving in
waiting time much higher (about three times) than in-vehicle travel
time (12). Recently, Levinson et al. explored the waiting tolerance
between ramp stop delay and freeway congestion delay (1, 13). In
that study, the SP data were collected by asking drivers to rate and
rank four choice conditions with different ramp meter wait times. Two
survey methods were used: a traditional computer-administered SP
questionnaire and a driving simulator to collect virtual experience
SP survey data. Use of a rank-ordered logit model, however, gave
two different results. The traditional computer-administered SP data
suggested that ramp delay is 1.6 to 1.7 times more onerous than
delay on freeways, whereas the virtual experience SP data suggested
that freeway delay is more onerous than ramp delay (1) and applied
a binary logit model to analyze the results statistically.
Several reasons are provided in this research to explain why the
results of the two surveys are signiﬁcantly different. Using the same
database Zhang et al. estimated the subjective value of travel time on
freeways and ramp meters by using utility function based on the
computer-administered SP survey data (14). This research indicated
that drivers perceive ramp wait as more onerous than freeway travel.
A possible approach, which aims to minimize total perceived travel
time instead of total system delay, is suggested by the authors to deal
with the problem of variation in the subjective value of travel time,
which can be used in ramp control (15).
This situation suggests there is valuable research to be done to
evaluate the variable perception of waiting time on major and minor
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streets of signalized intersections. This paper aims to address the issue
with an online survey using virtual experience SP methodology.
ONLINE SURVEY
To obtain information about perceived waiting time, surveys are
required, as this value cannot be directly measured. Finding a real-
world circumstance to conduct such an experiment is difficult because
of variable conditions and the difficulty in having to stop drivers
immediately to garner perceptions; putting a surveyor in the car with
the driver would be expensive and less realistic. A virtual experi-
ence SP, putting drivers in the driver seat of a virtual car, has advan-
tages in this regard, as the situation can be highly controlled. Some
virtual environments are more expensive than others; to keep costs
low, the driving environment here was a simulated movie from the
driver’s perspective presented on a computer screen. Although this
environment is not ideal, much more expensive driving simulators
also pose difficulties (1).
In this survey, four scenarios were designed (Table 1), representing
the same physical environmental: an arterial including three inter-
sections and two links. The traffic conditions were assumed to be
free ﬂow between intersections; drivers will accelerate to free-ﬂow
conditions from a stop and decelerate before a stop. The wait times at
red lights are as shown in Table 1. The route of the subject’s virtual
vehicle is predesigned. The vehicle starts from Intersection I from a
minor street, turns right (no turn on red is designed in the study), and
then continues on that road passing two intersections on the major
streets (Figure 1). Vehicles may stop before Intersection I, II, or III
depending on the scenario. The travel situations are vividly presented
by several three-dimensional traffic simulation videos generated by
AIMSUN, a commercial traffic microsimulator (Figure 2).
TABLE 1 Scenarios and Statistical Results of Rating for Four Scenarios
Waiting Time (s) First Survey Second Survey Combined
TA1 TA2 TA3 Total TA Mean Std. Dev. Mean Std. Dev. Mean Std. Dev.
Scenario 1 120 0 0 120 2.57 1.78 3.93 2.07 3.39 2.04
Scenario 2 90 20 20 130 3.83 2.04 4.86 1.52 4.39 1.75
Scenario 3 60 40 40 140 4.04 1.65 4.23 2.14 4.13 1.89
Scenario 4 30 60 60 150 3.52 2.29 3.89 1.68 3.73 1.96
NOTE: TA = actual waiting time; std. dev. = standard deviation.
Major Street Major Street
Minor Street
A
Minor Street Minor Street
B
WT1: Waiting time on
minor street before signal I.
WT2: Waiting time on
major street before signal II.
WT3: Waiting time on
major street before signal III.















FIGURE 1 Layout of signalized intersections (total waiting time  WT1  WT2  WT3).The four scenarios were specifically designed to explore the
trade-off between different signal settings. As indicated on the left
side of Table 1, the total waiting time of these scenarios varies from
120 to 150 s. Scenario 1 has the shortest total waiting time but requires
drivers to stop as long as 120 s at the first intersection. The other
scenarios have longer total waiting times but a relatively shorter
waiting time at each intersection. The trade-off is made for users to
wait 2 min at one intersection to reduce total time by 10 or 20 s or
sacriﬁce 10 or 20 s to obtain a relatively shorter waiting time at later
intersections.
In the first survey, 76 University of Minnesota undergraduate
students in CE3201: Introduction to Transportation Engineering
were invited to take part in the survey, and 66 students participated.
CE3201 is generally the ﬁrst or second engineering course students
take; most have not formed professional opinions on perceived
travel time (which is not covered in the class) or signal design,
which had not been taught yet, and it is believed that these students
perceive the world much as other young drivers do. In the second
survey, conducted in fall 2008, this survey was expanded to a more
general population. Of 5,000 individuals invited to participate,
329 subjects responded and 88 completed the survey. Among these
records, only 69 are useful, as some data were not successfully
recorded. The first and second surveys as well as combined data
are analyzed here.
Demographic information including gender, age, education, driving
experience (years of driving), and driving attitude (enjoy or not)
were collected in both surveys. These data are presented in Table 2.
Two groups have different social demographic statistics. The group
in the ﬁrst survey is much younger (average age 21 years) than the
second group (average age 42 years), and the proportion of females
is lower in the ﬁrst than in the second group. Almost all subjects in
the second survey have more than 5 years of driving experience,
compared with one-third in the ﬁrst survey. Most subjects in both
surveys enjoy driving.
Participants were asked to rate the overall signal system for the
entire route. The rating varies from 0 (worst) to 9 (best). In addition, to
learn the perception of waiting time at each intersection, participants
were required to estimate the waiting time for each intersection after
they watched the video and evaluated this speciﬁc intersection signal
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setting based on their satisfaction (Figure 3). As the waiting time is
being evaluated, participants may be required to watch the video with
largely unchanged scenes for a long time (e.g., 2 min for Scenario 1)
(though there is traffic that users can detect passing across the inter-
section ahead of them); each scenario has the same background.
To avoid order and fatigue effects and improve the reliability of the
survey data, only two scenarios, which are randomly selected, are
presented in the survey to each subject.
DATA ANALYSIS AND HYPOTHESIS TESTING
Perceived Waiting Time
The survey directly provides the perceived (TP) and actual (TA)
waiting times. The comparisons based on the combined data are
presented in Figure 4. TP varies widely around the actual TA. Con-
sistently, for both the first and second surveys, the average TP is
lower than the true value in most situations, but the standard deviation
increases with the true value of TA (Figure 5). Figure 5 shows that if
TA is small (<100 s), drivers tend to underestimate it; however, this
estimate is close to the actual value when TAis 120 s. These data indi-
(a) (b)
FIGURE 2 Three-dimensional traffic microsimulation.







Female/male 12/54 46/23 58/77
Education: 4-year college  20/46 38/31 58/77
and above/other
Driving experience: more than 24/42 68/1 92/43
5 years/less than or equal 
to 5 years
Enjoy driving/not 61/5 63/6 124/11
aMean age = 21 years; standard deviation = 3 years.
bMean age = 42 years; standard deviation = 12 years.
cMean age = 32 years; standard deviation = 14 years.catethat participants actually overestimate the actual value when TA
is 120 s. By extrapolating the curves in Figure 5, it is anticipated that
the average perceived time would be larger than the true time if this
value were larger. Actually, the increase in variance also indicates
this point. As shown in Figure 4, when the waiting time is 120 s, a
large share of participants perceived TA to be much longer than the
true value.
The common argument about perceived travel time is that the
perceived value is a nonlinear function of actual travel. Two simple
models, which consider the sociodemographic variables, are proposed
to test this assumption with the combined data.
Model 1:
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S = vector of sociodemographic variables composed of age,
gender, level of education, driving experience, and driving
attitude (enjoy or not); and
D = dummy variable with 0 representing the ﬁrst survey data set
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FIGURE 3 Perceived waiting time questions.












FIGURE 4 Perceived waiting time and actual waiting time.ThemodelsummariesarepresentedinTable3.Althoughallmodels
are signiﬁcant at the 95% conﬁdence interval, the quadratic model
(Model 2) has a slightly better ﬁt than the linear model (Model 1) as
indicated by comparing adjusted R
2 values. In addition, the socio-
demographic variables are not signiﬁcant in the two models based
on t-values. But the dummy variable indicates that the two data sets
are signiﬁcantly different, and the older population perceives a longer
travel time.
Trade-Off
It is hypothesized that there is a trade-off between satisfaction at a
single intersection and satisfaction along an arterial. In other words,
people may prefer a longer overall waiting time to a shorter one with
an extremely long wait at one intersection. As no related literature
could be found to deal this problem, the most important objective of
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this survey is to explore whether this trade-off exists. As the survey
also requires participants to evaluate each signal strategy described
in Table 1, the ratings were used to test whether Scenario 1 is sig-
niﬁcantly worse than the others; it has the shortest total wait but an
extremely long wait at the ﬁrst intersection, whereas the other three
have longer total waiting time but the time was assigned to three
intersections.
The mean differences and standard deviations for three data sets
are presented on the right side of Table 1. Overall, participants 
in the second survey rated all scenarios slightly higher than the
subjects in the first survey. By simply comparing the mean values,
it is clear that Scenario 1 is worse than Scenarios 2 and 3 as it has
the lowest average rating despite also having the lowest overall
travel time in the three data sets. Although the first survey indi-
cates that Scenario 2 is the best, the second survey and the com-
bined data indicate that Scenario 3 has the highest mean rating. More
rigorous t-statistic tests were applied to test the significance of the
following three hypotheses:
Results presented in Table 4 indicate that Hypothesis 1 can be
signiﬁcantly rejected for all data sets as their t-values are >2—which
means that, instead of waiting for an extremely long time (120 s) at
one intersection, drivers prefer to wait at several intersections for a
shorter time even if the overall time is longer. The results indicate
that, although the actual total wait is shorter for Scenario 1 than for
Hypotheses
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Mean of Perceived Waiting Time
Std. Dev. of Perceived Waiting Time
Actual Waiting Time
FIGURE 5 Mean and standard deviation (std. dev.) of perceived waiting time.
TABLE 3 Perceived Waiting Time Model Summary
Model 1 Model 2
Variable Coefficient t-Statistic Coefficient t-Statistic
Constant −9.20 −1.75 −3.12 −0.527
Gender 2.02 0.846 1.95 0.824
Age 0.015 0.126 −0.016 0.135
Education −2.47 −1.03 −2.2 −0.927
Driving −1.77 −0.533 −1.19 −0.36
Enjoy 4.2 1.04 3.72 0.929





survey (D) 9.39 2.49 9.29 2.49
NOTE: Bold indicates statistical signiﬁcance at 95% conﬁdence interval; 
signiﬁcance (two-tailed) for Model 1 is .000 and for Model 2 is .000; 
adjusted R
2 for Model 1 is .620 and for Model 2 is .670.Scenario 2, the perceived time of Scenario 1 is signiﬁcantly longer
than for the other two.
The first survey data also indicate that Hypothesis 2 can be
rejected, but this conclusion is not supported by the second survey
and the combined data. For both data sets (and the combined data),
Hypothesis 3 cannot be significantly rejected, which means that
Scenario 1 is not signiﬁcantly worse than Scenario 4. This ﬁnding
helps pinpoint the trade-off threshold; the difference in the total
waiting time for Scenario 1 and Scenario 4 is as high as 30 s, 25%
of the total waiting time of Scenario 1. This huge gap has been con-
sidered when people evaluate these two scenarios. This result also
indicates the rough bound of the trade-off. If the difference between
two signal designs in terms of total waiting time is less than 30 s,
95% of drivers prefer to split the total waiting time among different
intersections, although the overall waiting time is longer; however,
if the difference is greater than 30 s, different drivers may make dif-
ferent decisions for other reasons. This ﬁnding is very important for
signal design. Much current practice aims to minimize the total
travel time subject to constraints. This optimum may not be a “real”
optimum because this kind of design intends to sacriﬁce travel time
on minor streets to achieve a minimum total waiting time for the
whole system. The extremely long waiting time on the minor street
signiﬁcantly decreases user satisfaction, so from the perspective of
overall TP, the signal is not optimal.
There is an interesting phenomenon worth noting. Among 88 par-
ticipants in the second survey, 39 left comments and 11 mentioned
that they preferred fewer or no stops (about 28%). Although these
subjects may “feel” more comfortable when they experience a signal
design that spreads total waiting time among different intersections
as indicated by higher ratings of Scenario 2, these comments suggest
that the number of stops should be seriously considered in signal
timing design. This ﬁnding may also explain that why Hypothesis 2
cannot be signiﬁcantly rejected in the second survey, as a relatively
long waiting time (more than 30 s) at each intersection for Scenario 3
aggravates the uncomfortable feeling of “stopping at each inter-
section” and leads to low ratings. Unfortunately, current survey
design is not able to identify the effect of stops. This topic is left for
future study.
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Model of Rating
The preceding testing results imply that TP, rather than TA, more
accurately reﬂects user satisfaction. User ratings are used here to ﬁt
ordinary least-squares regression models to compare. The participants
in this survey were asked not only to evaluate the whole signal design
for the arterial but also to evaluate the signal setting of each inter-
section to ﬁnd which intersection is the crucial one that affects user
satisfaction. These ratings (for the arterial and for each intersection)
are used to build two sets of models. The ﬁrst one is at the individ-
ual intersection level, which uses the ratings of each intersection to
build a model to describe the relationship between user satisfaction
(i.e., the ratings) and TP or TA; the second is at the arterial level, which
uses the ratings for the arterial to build a model to describe the relation-
ship between satisfaction and TP and TA. The statistical testing results
for the combined data are presented in the following sections.
Individual Intersection Level
Two ordinary least-squares regression models, one based on TA and
the other based on TP, are ﬁt here. These ratings of individual inter-
section signal design are used. The sociodemographic and attitude
variables are considered in the models. To distinguish the impact of
different intersections, two dummy variables were added. In addition,
the dummy variable (D) introduced previously, which was used to
separate the ﬁrst and second survey data, is involved in the models.
For a better ﬁt, only nonlinear models were considered.
Model 3:
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Sig. Mean Standard Error
t df (two-tailed) Difference Difference
First Survey Data
Scenario 1 versus Scenario 2 −2.20 43 .033 −1.26 .574
Scenario 1 versus Scenario 3 −2.95 46 .005 −1.47 .497
Scenario 1 versus Scenario 4 −1.56 46 .125 −.947 .607
Second Survey Data
Scenario 1 versus Scenario 2 −2.10 61 .044 −.929 .452
Scenario 1 versus Scenario 3 −0.527 52 .600 −.302 .573
Scenario 1 versus Scenario 4 −0.091 61 .928 −.043 .472
Combined Data
Scenario 1 versus Scenario 2 −2.82 113 .006 −.998 .354
Scenario 1 versus Scenario 3 −1.92 102 .058 −.740 .386
Scenario 1 versus Scenario 4 −0.760 111 .379 −.334 .377
NOTE: Bold indicates statistical signiﬁcance at 95% conﬁdence interval; df = degrees of freedom, sig. = signiﬁcance.Model 4:
The model regression results are presented in Table 5. In a simple
comparison of the R
2 values, the results show that Model 4 ﬁts better
than Model 3, indicating that perceived time affects user quality
ratings more than actual time. The statistical results also show that
education level, driving experience, and driving attitude are signif-
icant factors (education level is not signiﬁcant in Model 3). The
results show that there is no difference between three intersections
as the t-values are <2, and there is no signiﬁcant difference between
the ﬁrst and the second survey data sets.
Arterial Level
Participants were also required to rate the whole arterial design. Two
nonlinear regression models are proposed here to verify whether TA
or TP better estimates arterial rating. Similarly, the dummy variable
was considered in the models to separate the ﬁrst and second survey




where TAiand TPiare actual and perceived wait times for intersection i.
The model regression results are presented in Table 6. The results
show that Model 6 is more signiﬁcant than Model 5. When a combi-
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nation of TA (Model 5) is used to ﬁt the regression model, the corre-
lation between variables in the experimental design requires drop-
ping some of the independent variables from the equation. By
comparing the R
2values, the model using TP(Model 6) ﬁts better than
using TA (Model 5). In addition, most of the sociodemographic vari-
ables are not signiﬁcant in the regression models except driving atti-
TABLE 5 Model Summaries for Individual Intersection Rating
Model 3 Model 4
Variable Coefficient t-Statistic Coefficient t-Statistic
Constant 9.58 22.2 8.33 20.4
Gender −0.028 −0.154 −0.086 −0.468
Age 0.000 0.036 0.011 1.17
Education −0.345 −1.88 −0.620 −3.39
Driving 1.07 4.21 1.01 3.98









Indicator for intersection (D1) 0.125 0.527 −0.021 −0.095
Indicator for intersection (D2) −0.222 −1.16 −0.157 −0.820
Indicator for survey (D) −0.753 −2.60 −0.365 1.27
NOTE: Bold indicates statistical signiﬁcance at 95% conﬁdence interval; signiﬁcance (two-tailed) 
for Model 3 is .000 and Model 4 is .000; adjusted R
2 for Model 3 is .528 and for Model 4 is .532.
TABLE 6 Model Summaries for Arterial Rating
Model 5 Model 6
Variable Coefficient t-Statistic Coefficient t-Statistic
Constant 6.74 7.63 6.33 8.53
Gender −0.189 −0.637 −0.230 −0.776
Age −0.003 −0.201 0.000 0.031
Education −0.107 −0.361 −0.283 0.950
Driving 0.794 1.87 0.770 1.85


























survey (D) 0.244 0.525 0.507 1.10
NOTE: Bold indicates statistical signiﬁcance at 95% conﬁdence interval; 
— indicates that collinearity is too small (.000); signiﬁcance (two-tailed) for
Model 5 is .001 and for Model 6 is .000; adjusted R
2 for Model 5 is .079 and for
Model 6 is .117.tude. Also, the difference between the ﬁrst and the second survey
data is not signiﬁcant as the t-values in these two models are <2.
CONCLUSIONS
Perceived waiting time at signalized intersections differs from actual
waiting time and is signiﬁcantly affected by signal design. The authors
hope that, in the future, signal design will consider user perception.
This research aims to answer some related questions about TP based
on the preliminary results of a virtual experience SP experiment, which
directly collected TP and user ratings of the signal design of three
intersections and the arterial that contains them. Statistically analyz-
ing the survey data implies that the perception of waiting time is a
function of the actual time, and a quadratic model better describes this
relationship. This survey also indicates that there exists a trade-off
between total waiting time and individual waiting time before each
intersection. Drivers prefer not to spend all their time at one inter-
section, especially if it has a long wait; people like to feel as if they are
making progress. Moreover, the survey data show that TP, instead
of TA, better explains user rankings.
These conclusions are based on two survey studies, but the sample
size is relatively small. The robustness of these ﬁndings needs to be
further demonstrated with larger and more general population samples
and multiple methodologies. Also, the current survey did not consider
the impact of the number of stops. As indicated in the comments of
participants, travelers do care about the total number of stops, and this
factor should be considered in future studies. In addition, the survey
is based on a traffic simulation. How accurately the scenarios posed
here represent real conditions remains to be veriﬁed.
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